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(57) ABSTRACT 

Amethod (400) and apparatus (501) provide for rapid poWer 
control based on a quality related value, eg channel quality 
indicator (CQI) value. A transmit poWer level can be derived 
from a CQI value received according to a time period, eg 
corresponding to 500 HZ. A ?rst predicted value can be 
predicted based on the CQI value, at a ?rst time Within the 
time period and a poWer adjustment value can be determined 
based on the CQI value as Well as the ?rst predicted value 
at a rate that exceeds the rate of receiving the CQI values. 
Note that other predicted values for or corresponding to the 

(21) Appl, No.1 11/017,481 CQI value can be predicted at other times Within the time 
period and that poWer adjustment values can be determined 
through interpolation between predicted values for any time 

(22) Filed: Dec. 20, 2004 Within the period. 
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RAPID CHANNEL QUALITY BASED POWER 
CONTROL FOR HIGH SPEED CHANNELS 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to Wireless 
communication systems, and more speci?cally to a method 
and apparatus for performing rapid poWer control using 
quality parameters. 

BACKGROUND OF THE INVENTION 

[0002] In conventional Wireless communication systems 
such as High Speed DoWnlink Packet Access (HSDPA) 
systems, the High Speed Shared Control Channel (HS 
SCCH) carries doWnlink signaling information required for 
demodulating the High Speed DoWnlink Shared Channel 
(HS-DSCH). Since poWer control for the HS-SCCH is 
de?ned generally in 3 GPP speci?cations as being under 
control of the serving Node B transceiver, the operator of the 
Node B transceiver is free to implement any poWer control 
algorithm. Traditional R99 poWer control and related meth 
ods alloW for a relatively simple poWer control technique 
Which couples the HS-SCCH transmit poWer With a doWn 
link Dedicated Physical Control Channel DPCCH through 
the use of an offset factor. Since the control channel is 
alWays on, the Node B transceiver simply applies the offset 
factor to the present DPCCH poWer to arrive at the trans 
mission poWer of the HS-SCCH When there is packet data to 
be transmitted on the HS-DSCH. 

[0003] Although the use of an offset factor, as described, 
is relatively easy to implement, performance of the HS 
SCCH can degrade severely When the UE is in a soft 
handover (SHO) state because HSDPA-related channels are 
not in soft-handover. Due to diversity combining gains, the 
dedicated channels require much less poWer When engaged 
in SHO. HoWever, the HS-SCCH still has identical poWer 
requirements as in the non-SHO case, leading to poor 
performance When R99 poWer control algorithm is used, 
especially When the SHO occurs at loW UE speeds. For 
example, When the UE is in 2-Way SHO, approximately 5 dB 
more poWer may be required on the HS-SCCH to reach 1% 
FER due to degradation from the R99 poWer control algo 
rithm. 

[0004] In some instances, poWer control can be improved 
by basing doWnlink poWer control on uplink oriented infor 
mation such as the Channel Quality Indicator (CQI) report. 
Drawbacks exist for CQI based poWer control in that the 
CQI report, for example, in HSDPA systems is issued at a 
frequency not greater than 500 HZ. As a result conventional 
CQI based poWer control is rendered ineffective for UE 
speeds of around 30 km/h or greater or for other scenarios 
Where the frequency of the CQI report is relatively loW or 
sloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The accompanying ?gures Where like reference 
numerals refer to identical or functionally similar elements 
and Which together With the detailed description beloW are 
incorporated in and form part of the speci?cation, serve to 
further illustrate an exemplary embodiment and to explain 
various principles and advantages in accordance With the 
present invention. 
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[0006] FIG. 1 is a diagram illustrating an exemplary 
Radio Access NetWork (RAN) such as a HSDPA RAN 
serving a UE in Soft Handover (SHO); 

[0007] FIG. 2 is a diagram illustrating an exemplary 
HSDPA RAN serving a UE in accordance With various 
exemplary embodiments; 
[0008] FIG. 3 is a diagram illustrating exemplary predic 
tors and an interpolator for generating poWer control in 
accordance With various exemplary embodiments; 

[0009] FIG. 4 is a How chart illustrating an exemplary 
procedure in accordance With various exemplary embodi 
ments; 

[0010] FIG. 5 is a block diagram illustrating components 
of an exemplary apparatus in accordance With various 
exemplary and alternative exemplary embodiments; 

[0011] FIG. 6 is a graph illustrating the performance of 
exemplary poWer control in accordance With various exem 
plary and alternative exemplary embodiments at UE speeds 
of around 3 km/h; 

[0012] FIG. 7 is a graph illustrating the performance of 
exemplary poWer control in accordance With various exem 
plary and alternative exemplary embodiments at UE speeds 
of around 30 km/h; and 

[0013] FIG. 8 is a graph of performance of exemplary 
poWer control in accordance With various exemplary and 
alternative exemplary embodiments at UE speeds of around 
120 km/h. 

DETAILED DESCRIPTION 

[0014] In overvieW, the present invention relates to Wire 
less communication in a Radio Access NetWork and equip 
ment for providing communication such as infrastructure 
equipment, transceivers (Node B, Base Transmitter Stations, 
and the like), User Equipment (UE), and the like. More 
particularly, various inventive concepts and principles are 
embodied in cellular communication systems, infrastructure 
components, communication devices, and methods therein 
for performing rapid poWer control and for performing rapid 
poWer control during soft handolfs or handovers (SHOs). It 
should be noted that in addition to connoting a typical 
handset, the term User Equipment (UE) may be used inter 
changeably With communication unit, mobile station, sub 
scriber unit, Wireless subscriber unit, Wireless subscriber 
device or the like. Each of these terms denotes a device 
ordinarily associated With a user and typically a Wireless 
mobile device that may be used With a public netWork or 
Within a private netWork such as an enterprise netWork. 
Examples of such units include personal digital assistants, 
personal assignment pads, and other portable personal com 
puters equipped for Wireless operation, a cellular handset or 
device, or equivalents thereof. 

[0015] The present description is provided to further 
explain, in an enabling fashion, exemplary modes of per 
forming one or more embodiments of the present invention. 
The description is further offered to enhance an understand 
ing and appreciation for the inventive principles and advan 
tages thereof, rather than to limit in any manner the inven 
tion. The invention is de?ned solely by the appended claims 
including any amendments made during the pendency of this 
application and all equivalents of those claims as issued. 
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[0016] It is understood that the use of relational terms such 
as ?rst and second, and the like, if any, are used solely to 
distinguish one from another entity, item, or action Without 
necessarily requiring or implying any actual such relation 
ship or order betWeen such entities, items or actions. 

[0017] Much of the inventive functionality and many of 
the inventive principles When implemented, are best sup 
ported With or in software or integrated circuits (ICs), such 
as a digital signal processor and softWare therefore or 
application speci?c ICs. It is expected that one of ordinary 
skill, notWithstanding possibly signi?cant effort and many 
design choices motivated by, for example, available time, 
current technology, and economic considerations, When 
guided by the concepts and principles disclosed herein Will 
be readily capable of generating such softWare instructions 
or ICs With minimal experimentation. Therefore, in the 
interest of brevity and minimization of any risk of obscuring 
the principles and concepts according to the present inven 
tion, further discussion of such softWare and ICs, if any, Will 
be limited to the essentials With respect to the principles and 
concepts used by the exemplary embodiments. 

[0018] In addition to devices of a general nature, the 
infrastructure devices of particular interest are those provid 
ing or facilitating voice/data communications services over 
cellular Wide area netWorks (WANs), such as conventional 
tWo Way systems and devices, various cellular phone sys 
tems including for example, CDMA (code division multiple 
access) and variants thereof, GSM (Global System for 
Mobile), GPRS (General Packet Radio System), 2.5G and 
3G systems such as UMTS (Universal Mobile Telecommu 
nication Service) systems, Internet Protocol (IP) Wireless 
Wide Area NetWorks like 802.16, 802.20 or Flarion, inte 
grated digital enhanced netWorks and variants or evolutions 
thereof. Furthermore the Wireless communication units or 
devices of interest can have short range Wireless communi 
cations capability normally referred to as WLAN capabili 
ties, such as IEEE 802.11, Bluetooth, or Hiper-Lan and the 
like preferably using CDMA, frequency hopping, OFDM 
(Orthogonal Frequency Division Multiplexed) or TDMA 
(Time Division Multiple Access) technologies and one or 
more of various netWorking protocols, such as TCP/IP 
(Transmission Control Protocol/Internet Protocol), UDP/UP 
(Universal Datagram Protocol/Universal Protocol), IPX/ 
SPX (Inter-Packet Exchange/Sequential Packet Exchange), 
or other protocol structures. 

[0019] As further discussed herein beloW, various inven 
tive principles and combinations thereof are advantageously 
employed to provide rapid poWer control Within a Radio 
Access NetWork for transmission poWer in a link betWeen, 
for example, a Node B transceiver and a User Equipment 

(UE). 
[0020] In a conventional RAN, such as a RAN 101, as can 
be seen in the diagram 100 of FIG. 1, an exemplary 
con?guration including a Mobile SWitching Center (MSC) 
110, a Radio NetWork Controller (RNC) 120 (note in some 
systems the RNC may be analogous to or referred to as a 
base site controller (BSC)), a ?rst transmitter 130 (may 
alternatively be referred to as a Node B or Base Transmitter 
Station (BTS) depending on particular system standards and 
herein as Node B BTS) and a second Node B BTS 132 
having for example HSDPA capabilities, is shoWn serving a 
UE 140. Note that for the sake of simplicity, the MSC is 
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referred to as part of the RAN although this functionality 
may be distinguished from the RAN by some practitioners 
in many situations. In the RAN 101, an exemplary SHO is 
shoWn Where UE 140 is handing over to the second Node B 
BTS 132 after having established a Dedicated Physical Data 
Channel (DPDCH) and a Dedicated Physical Control Chan 
nel (DPCCH) on link 131 With the ?rst Node B BTS 130. As 
noted above, poWer control in conventional RANs such as 
the RAN 100 can be conducted by adding an offset factor, 
relative to the doWnlink DPCCH transmit poWer, to the HS 
SCCH on, for example, doWnlink 141. In some systems, 
CQI info Which is sent to the Node B BTS 132 on uplink 142 
at no more than 500 HZ for HSDPA systems, can be used to 
form a poWer control factor, adjustment factor or the like for 
the HS SCCH. HoWever, due to the relative infrequency of 
the CQI Report, particularly relative to various timing 
considerations associated With a SHO such as a SHO 
occurring just before or just after a CQI report, the adjust 
ment Will be less useful and can be associated With a 
performance degradation based on factors such as the 5 dB 
poWer increase requirement for 2 Way SHO (uplink and 
doWnlink SHO) for the high speed channels relative to the 
dedicated channels. Various performance comparisons are 
shoWn, for example, in FIG. 6-FIG. 8. 

[0021] In HSDPA systems, the HS-SCCH carries doWn 
link signaling information required for demodulating the 
HS-DSCH. As previously noted, poWer control of the HS 
SCCH is loosely de?ned in 3 GPP speci?cations as being 
under control of the Node B BTS 132. Therefore, the 
operator of the Node B BTS 132 may implement any poWer 
control algorithm. Traditional R99 poWer control methods 
alloW for simple poWer control of the HS-SCCH by, for 
example, coupling the transmit poWer of the HS-SCCH With 
the poWer associated With the doWnlink DPCCH through the 
use of an offset factor. Since the control channel is alWays 
on, the Node B BTS 132 an apply an offset to the present 
DPCCH poWer level to arrive at the transmission poWer of 
the HS-SCCH When there is packet data to be transmitted on 
the HS-DSCH. Although an offset scheme as described is 
easy to implement, performance of the HS-SCCH can 
degrade severely When the UE is in SHO because some of 
the HSDPA-related channels may not be in SHO. Due to 
diversity combining gains, the dedicated channels require 
much less poWer When in SHO. HoWever, the HS-SCCH 
still has identical poWer requirements as in the non-SHO 
case, leading to poor performance When R99 poWer control 
algorithm is used, especially When the exemplary UE 140 is 
moving at loW speeds. As can be seen for example in the 
graph shoWn in FIG. 6, When the UE 140 is in 2-Way SHO, 
approximately 5 dB more poWer is required on the HS 
SCCH to reach 1% FER due to degradation from the R99 
poWer control algorithm. 

[0022] One Way to address the limitations posed by the 
R99, or o?‘set type poWer control, is to set the HS-SCCH 
transmit poWer dynamically in response to the Channel 
Quality Information (CQI) reports transmitted periodically 
on the HS-DPCCH. An advantage of CQI-based poWer 
control is that poWer control applied to the HS-SCCH is 
decoupled from poWer control applied to the DPCCH, 
alloWing for more ef?cient poWer control of the HS-SCCH 
in SHO Without compromising the performance of the 
dedicated channels. In addition, since quantitative informa 
tion related to the received poWer level at UE 140 is directly 
available in the CQI report sent from UE 140 to Node B BTS 
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132, CQI-based power control can stabilize power ?uctua 
tions in a single step. It should be noted that the performance 
of CQI-based poWer control, hoWever, is highly dependent 
on factors including, for example, the fading characteristics 
of the channel, the CQI reporting period, and feedback 
delay. In HSDPA, the maximum CQI reporting is 500 Hz, 
Which renders CQI-based poWer control ineffective at 
medium vehicular speeds (30 km/h). 

[0023] Thus, conventional methods have drawbacks 
including but not limited to poor performance of R99 poWer 
control algorithms during SHO; inadequacy of CQI-based 
poWer control algorithms, Which While having the capability 
of eliminating SHO degradation are limited by the relatively 
infrequent CQI updates (500 Hz at maximum), resulting in 
poor performance at medium vehicular speeds (eg 30 
km/h); delay betWeen channel measurement and actual 
poWer adjustment, resulting in mismatch betWeen the mea 
sured channel condition and the actual channel condition at 
the time of poWer control application. Additionally, both 
R99 and conventional CQI methods perform Worse With 
poWer control than Without poWer control at high vehicular 
speeds (eg 120 km/h). 

[0024] Therefore, CQI-based poWer control With an addi 
tional feature of linear prediction can be implemented in 
accordance With various exemplary embodiments to miti 
gate these limitations. Accordingly, as Will be described in 
greater detail herein, tWo predictors can be con?gured to 
alleviate, for example, CQI reporting delay and provide 
faster poWer adjustments. 

[0025] Advantages associated With poWer control in 
accordance With various exemplary embodiments include 
accounting for the delay in CQI reporting by providing 
faster poWer control than previously possible and Within the 
prescribed reporting period; providing accurate poWer 
adjustment instead of adjustments in ?xed step size; alloW 
ing for the application of poWer control With no operational 
changes When the system is in SHO. It is important to note 
that since the Node B may not knoW Whether the UE is in 
SHO the ability to apply poWer control Without impacting 
operational parameters is central to maintaining operational 
integrity during SHO. Further, the predictors, in accordance 
With various exemplary embodiments, can serve as smooth 
ing ?lters at high vehicular speeds and thus improve per 
formance by limiting large poWer changes. 

[0026] Thus, in accordance With various exemplary 
embodiments as depicted, for example in the diagram 200 of 
FIG. 2, an exemplary con?guration of a RAN 201 includes 
a MSC 210, a Radio Network Controller (RNC) 220, and a 
Node B BTS 230 having for example HSDPA capabilities, 
that is shoWn serving a UE 240 Which may or may not be in 
SHO. To address the limitations described above in connec 
tion With conventional poWer control, CQI-based poWer 
control With linear predictors can be used as Will be 
described to mitigate these limitations. 

[0027] In the RAN 201, rapid poWer control can be 
applied to the doWnlink HS SCCH by processing CQI 
reports such as CQI INFO as Will be appreciated by those of 
ordinary skill issued from UE 240 over the uplink channel 
241 in accordance With various principles discussed and 
described hereinafter. In particular, based on information, 
i.e., a quality value Q, directly or indirectly derived from a 
CQI report received at a time t, a received poWer, for 
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example of the HS-DSCH can be calculated to arrive at a 
CQI normalized for poWer level control for any time in a 
?rst predictor. It should be noted that the CQI info or quality 
values is typically in the form of factors such as maximum 
transport block size, number of HS-DSCH codes, modula 
tion capable of being received (e. g., symbol rates, spreading 
factors, symbol constellations, and similar parameters), and 
the like as opposed to received poWer. HoWever received 
poWer may be derived from CQI INFO at a ?rst interval after 
time t and, at a second interval after time t the received 
poWer can be predicted and interpolation used to generate 
adjustments for any time interval Which falls in betWeen 
CQI reports. 
[0028] Amore detailed illustration of the predictor circuits 
300, as shoWn in FIG. 3, provides a better understanding of 
rapid poWer control in accordance With various exemplary 
embodiments. Various CQI related factors as described 
above, such as maximum transport block size may be 
initially processed to form a normalized CQI value, that is, 
a derived received poWer value, Which can be input as H(n) 
301 to predictor circuits 300. A ?rst predictor 310 can thus 
provide the ?rst prediction output value 317 for a time n, 
Which as Will be described in greater detail hereinafter, can 
include, for example, the received poWer value at interval 
(n+k). A second predictor 330 can provide a second predic 
tion output value 337 Which in combination With the ?rst 
prediction output value 317 can be input to an interpolator 
350. The interpolator 350 can be used to generate a transmit 
poWer adjustment value for any time interval up to a 
minimum interval represented by 1500Hz adjustment fre 
quency Which is fully 3 times the frequency associated With 
conventional fastest CQI reporting period. As shoWn, H(n) 
301 is the normalized CQI value that is, for example, a 
derived received poWer value, Which can be input to the ?rst 
predictor 310 to ?rst transfer blocks 311 and 313 Which can 
be used to apply a series of L adaptive ?lter functions, 
transfer functions or the like Z“l as Will be appreciated by 
one of ordinary skill in the art. H(n) 301 and the outputs of 
?rst transfer blocks 311 and 313 can be coupled, under the 
in?uence of ?rst variable Weights WO 312 Wl314 and WL_l 
315, to ?rst summer 316 to generate the ?rst prediction value 
317 Which may be used to update Weights in update block 
320 and can also be used as an input to interpolator 350 as 
described above. The output of update block 320 can pro 
vide Weights, Weight adjustments or the like, 321, 322, and 
323 to ?rst variable Weights WL_l 315, Wl 314, and WO 312 
respectively. 
[0029] H(n) can also be input to the second predictor 330 
to second transfer blocks 331 and 333 Which can be used to 
apply a series of L adaptive ?lter functions, transfer func 
tions or the like Z-l as Will be appreciated by one of ordinary 
skill in the art. H(n) 301 and the outputs of transfer blocks 
331 and 333 can be coupled, under the in?uence of variable 
Weights YO 332 Yl 334 and YL_l 335, to summer 336 to 
generate the second prediction value 337 Which may be used 
to update Weights in update block 340 and can also be used 
as an input to interpolator 350 as described above. The 
output of update block 340 can provide Weights, Weight 
adjustments or the like, 341, 342, and 343 to ?rst variable 
Weights YL_l 335, Yl 334, and Y0 332 respectively. As noted 
above, the ?rst prediction value 317 and the second predic 
tion value 337 can be input to interpolator 350 to generate 
a transmit poWer value for any time interval beyond the 
second prediction interval and Within the 500 Hz CQI 
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reporting period of 2 ms such that a time interval represent 
ing 1500 HZ, e.g. 0.666667 ms, is not exceeded. 

[0030] A simpli?ed and representative exemplary proce 
dure for operation in accordance With various exemplary 
embodiments is shoWn in the How chart 400 of FIG. 4. After 
starting at 401, the Node B BTS, such as the Node B BTS 
230, receives a Channel Quality Information (CQI) report 
from the UE, such as the UE 240 on the HS-DPCCH at 402. 
It is important to note that instead of reporting the actual 
received poWer, the UE reports values such as the maximum 
transport block siZe, number of HS-DSCH codes and modu 
lation that can be received. As a result, the Node B BTS 
translates the CQI values to the received poWer of the 
HS-DSCH at 403 in accordance With Equation (1) as fol 
loWs: 

[0031] The normaliZed CQI of the HS-SCCH or the chan 
nel poWer gain H(n) is then determined at 404 in accordance 
With Equation (2) as folloWs (or the more general equation 
shoWn at 404): 

It Will be appreciated by those of ordinary skill that in 
addition to generating a difference betWeen the receiver and 
transmit poWer values shoWn in equation (2), a generaliZed 
reference poWer P(n) may be used at 404 to generate a 
normaliZed poWer value, for example, in accordance With 
Equation (1) or in accordance With a reference poWer P(n) 
derived from any component of the CQI report reasonably 
relating to a reference poWer level 

[0032] At 405, the ?rst predictor Weights can be initialiZed 
or if poWer control is already active can be updated and, at 
406, the CQI, noted as H(n), at time n+k can be predicted 
according to Equation (3) as folloWs: 

At 407, the second predictor Weights can be initialiZed or, if 
poWer control is already active, can be updated and at 408, 
the CQI, again noted as H(n), can be predicted at time n+k+1 
according to Equation (4) as folloWs: 

[0033] Once prediction values for H(n) are found for tWo 
intervals, fast poWer adjustments are possible by interpolat 
ing betWeen the tWo values at 409 in accordance With 
Equation (5) as folloWs: 
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_ j (5) 
P] _ H(n+k)+ TXT[H(n+/< +1)—H(n+k)] 

forj=0, . . . , (T><"c—1). It is important to note that T is the 

desired poWer control frequency, such as 1500 HZ, While '5 
is the CQI reporting frequency, such as 500 HZ. The transmit 
poWer of the doWnlink HS-SCCH at each update interval j 
is then set at 410 in accordance With Equation (6) as folloWs: 

Where PHSSCCHG1 is the desired received poWer of the 
HS-SCCH and PHS_SCCHmax is the maximum alloWable 
poWer of the HS-SCCH. It should be noted that the desired 
received poWer is usually determined according to a perfor 
mance criterion such as a poWer level suf?cient to maintain 
FER of less than 1%. 

[0034] As previously noted With regard to 405 and 407, 
the predictor Weights for the ?rst and second predictors may 
be updated. The predictors can be updated using a Recursive 
Least Squares (RLS) method in accordance With Equation 
group (7) as folloWs: 

(a) H(n) = s” (n - 1)u(n) (7) 

(b) 5m) = M) — H(n) 

rlPm - 1)u(n) 
(C) M”) = 

Where the Weights Wi of the ?rst predictor are given by 
Equation (8): 

and the Weights yi of the second predictor are given by 
Equation (9): 

[0035] It should be noted that since predictor Weights are 
continuously updated, changes in the underlying propaga 
tion statistics arising, for example, from changes in vehicle 
speed, or the like, are automatically accounted for by 
operation of the adaptive predictor. While predictor Weights 
are being trained hoWever, their application may at least 
initially lead to unacceptable prediction errors. To prevent or 
limit the adverse impact of prediction errors during training, 
initialization, or the like, predictors may be disabled during 
training, initialiZation, or the like and only current CQI 
information can be used during such periods for setting 
temporary values of the HS-SCCH poWer until the predic 
tors have been trained, have converged, or the like. One 
simple criteria for determining convergence is to examine 
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the average squared errors over several updating periods in 
accordance With Equation (10) as follows: 

Where e(n) is the prediction error shoWn in Eq. 7(b) and K is 
a constant used to determine convergence. While in FIG. 4, 
the completion of the exemplary procedure is indicated at 
END 411, it Will be appreciated that in accordance With 
various exemplary embodiments, the procedure can loop a 
predetermined number of times or loop in?nitely during 
poWer control operations, or the like Without departing from 
the scope of the invention. 

[0036] It Will be appreciated that in accordance With 
various exemplary embodiments, the present invention can 
be implemented in a Radio Access Network as part of an 
infrastructure component, sub component, or the like. In 
FIG. 5, a block diagram is shoWn of an exemplary apparatus 
for use in implementation of the present invention. The 
device 501 of FIG. 5, for example, can be an infrastructure 
component or device such as a transmitter unit (of a Node B 
or BTS) or the like, and can include a processor 510 and a 
memory 511 coupled using a bus 515. It Will be appreciated 
by those of ordinary skill in the art that the processor 510 
may be a general purpose processor or a dedicated processor 
such as a signal processor and may be implemented as a 
dedicated ASIC or the like at noted herein above. 

[0037] The memory 511 can be or include a memory 
device such as a Random Access Memory (RAM) Which 
matches the transfer speed and access speed requirements 
associated With the processor 510 and the bus 515. In 
addition, the device 501 includes a radio frequency (RF) 
interface 512, e. g., RF transceiver including transmitter and 
receiver, Which may be coupled to one antenna 513 or many 
antennas 513 such as Where transmit diversity is used. 
Device 510 may also include a netWork interface 514 With 
a link 516 to accommodate access to a local or Wide area IP 
netWork or the like and may further include a user/system 
interface 520 With link 521 for connecting to other control 
components or the like Within the RAN. It Will be appreci 
ated that in accordance With various exemplary embodi 
ments such as the exemplary procedure described in con 
nection With FIG. 4, various inventive processes can be 
implemented as one or more softWare programs, routines or 
the like Which can process input derived from communica 
tion channels received from RF interface 512, and apply the 
transmit poWer control procedures described herein to effect 
changes to the transmit poWer of outbound channels trans 
mitted from RF interface 512. 

[0038] As previously noted, FIG. 6, FIG. 7, and FIG. 8 
shoW comparative performance gains associated With poWer 
control in accordance With the present invention and various 
performance degradations for a UE traveling at various 
velocities. In FIG. 6, a graph 600 illustrates comparative 
Frame Error Rate (FER) performance of the HS-SCCH for 
UE velocities of 3 km/h With a ?at Rayleigh fading channel, 
trace 601 shoWs 1 Way SHO poWer control performance 
With a 1500 HZ update rate such as With R99 poWer control, 
trace 602 shoWs poWer control performance using CQI 
information and 2 ms update period. Trace 604 shoWs poWer 
control performance using a rede?ned CQI and a 2 ms 
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period in accordance With various exemplary embodiments. 
Trace 605 shoWs poWer control performance using CQI 
information and 20 ms update period. Trace 606 shoWs 
performance With no poWer control. Trace 607 shoWs poWer 
control performance using a rede?ned CQI and a 20 ms 
update period in accordance With various exemplary 
embodiments. Trace 608 shoWs 2 Way SHO poWer control 
performance. 
[0039] FIG. 7 shoWs a graph 700 that illustrates compara 
tive Frame Error Rate (FER) performance for the HS-SCCH 
for UE velocities of 30 km/h With a ?at Rayleigh fading 
channel. Trace 701 shoWs poWer control performance using 
a rede?ned CQI and a 2 ms period in accordance With 
various exemplary embodiments. Trace 702 shoWs 1 Way 
SHO poWer control performance With a 1500 HZ update rate 
such as With R99 poWer control. Trace 703 shoWs 2 Way 
SHO poWer control performance. Trace 704 shoWs poWer 
control performance using a rede?ned CQI and a 20 ms 
update period in accordance With various exemplary 
embodiments. Trace 705 shoWs performance With no poWer 
control. Trace 706 shoWs poWer control performance using 
CQI information and 2 ms update period. Trace 707 shoWs 
poWer control performance using CQI information and 20 
ms update period. 

[0040] FIG. 8 is a graph 800 that illustrates comparative 
Frame Error Rate (FER) performance for the HS-SCCH for 
UE velocities of 120 km/h With a ?at Rayleigh fading 
channel. Trace 801 shoWs poWer control performance using 
a rede?ned CQI and a 2 ms period in accordance With 
various exemplary embodiments. Trace 802 shoWs perfor 
mance With no poWer control. Trace 803 shoWs poWer 
control performance using a rede?ned CQI and a 20 ms 
update period in accordance With various exemplary 
embodiments. Trace 804 shoWs 2 Way SHO poWer control 
performance. Trace 805 shoWs 1 Way SHO poWer control 
performance With a 1500 HZ update rate such as With R99 
poWer control. Trace 806 shoWs poWer control performance 
using CQI information and 2 ms update period. Trace 807 
shoWs poWer control performance using CQI information 
and 20 ms update period. 

[0041] This disclosure is intended to explain hoW to 
fashion and use various embodiments in accordance With the 
invention rather than to limit the true, intended, and fair 
scope and spirit thereof. The foregoing description is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed. Modi?cations or variations are pos 
sible in light of the above teachings. The embodiment(s) Was 
chosen and described to provide the best illustration of the 
principles of the invention and its practical application, and 
to enable one of ordinary skill in the art to utiliZe the 
invention in various embodiments and With various modi 
?cations as are suited to the particular use contemplated. 
Many such modi?cations and variations are Within the scope 
of the invention as determined by the appended claims, as 
may be amended during the pendency of this application for 
patent, and all equivalents thereof, When interpreted in 
accordance With the breadth to Which they are fairly, legally, 
and equitably entitled. 

What is claimed is: 
1. A method for performing rapid poWer control in an 

infrastructure component associated With a Radio Access 
NetWork (RAN), the method comprising: 

translating a quality value Q received on an uplink chan 
nel from a User Equipment (UE) into a transmit poWer 
value associated With a doWnlink channel, the quality 
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value Q corresponding to a channel as received by the 

UE, the quality value Q received according to a time 
period; and 

generating a ?rst predicted value for the quality value 
Q at a ?rst time increment during the time period. 

2. A method according to claim 1, further comprising 
generating an adjusted transmit poWer value based on the 
?rst predicted value. 

3. A method according to claim 1, further comprising 
generating a second predicted value for the quality value 
Q at a second time increment during the time period, the 
second time increment different from the ?rst time incre 
ment. 

4. A method according to claim 3, Wherein the second 
predicted value includes a value H(n) and Wherein the 
generating the second predicted value includes generating 
the second predicted value according to the relation: 

Lil 

Wherein k includes the ?rst time increment, L is a number of 
?lters, and Where yi includes a Weight for interval i. 

5. A method according to claim 3, further comprising 
generating an adjusted transmit poWer value based on the 
?rst predicted value and the second predicted value. 

6. A method according to claim 5, Wherein the generating 
the adjusted transmit value includes interpolating betWeen 
the ?rst predicted value and the second predicted value. 

7. A method according to claim 1, Wherein the quality 
value Q includes a Channel Quality Indicator (CQI). 

8. A method according to claim 1, Wherein the infrastruc 
ture component include a Node B transceiver. 

9. A method according to claim 1, Wherein the time period 
corresponds to a ?rst frequency of receiving the quality 
value Q and the ?rst predicted value for the quality value 
Q is generated at a prediction frequency at least equal to the 
?rst frequency, Wherein each quality value Q and ?rst 
predicted value are, respectively, translated into the transmit 
poWer value at a frequency exceeding the ?rst frequency. 

10. A method according to claim 1, Wherein the ?rst 
predicted value includes a value H(n) and Wherein the 
generating the ?rst predicted value includes generating the 
?rst predicted value according to the relation: 

Lil 

Wherein k includes the ?rst time increment, L is a number of 
?lters, and Wi includes a Weight for interval i. 

11. A method for performing rapid poWer control in a 
transceiver associated With a Radio Access Network (RAN), 
the method comprising: 
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deriving a ?rst value associated With a transmit poWer on 
a doWnlink channel from a second value received on an 

uplink channel from a User Equipment (UE) the second 
value received according to a time period; 

generating a ?rst predicted value for the second value at 
a ?rst time Within the time period; and 

generating a second predicted value for the second value 
at a second time Within the time period, the second time 
different from the ?rst time. 

12. A method according to claim 11, further comprising 
interpolating betWeen the ?rst predicted value and the sec 
ond predicted value to generate an adjusted transmit poWer 
value for any time Within the time period. 

13. A method according to claim 11, Wherein the second 
value includes a Channel Quality Indicator (CQI). 

14. An apparatus in an infrastructure component compris 
ing: 

an RF interface; 

a memory; 

a processor coupled to the memory and the RF interface, 
the processor con?gured to: 

translate a ?rst value received from an uplink channel 
associated With the RF interface into a second value for 
a doWnlink channel associated With the RF interface, 
the ?rst value received according to a time period; and 

predict, based on at least the ?rst value, a ?rst predicted 
value for the second value at a ?rst time Within the time 
period. 

15. An apparatus in accordance With claim 14, Wherein 
the uplink channel includes a High Speed Dedicated Physi 
cal Control Channel (HS-DPCCH) channel and the ?rst 
value includes a Channel Quality Indicator (CQI). 

16. An apparatus in accordance With claim 14, Wherein 
the doWnlink channel includes a High Speed Shared Control 
Channel (HS-SCCH) channel and the second value includes 
a transmit poWer level. 

17. An apparatus in accordance With claim 14, Wherein 
the infrastructure component includes a Node B transceiver. 

18. An apparatus in accordance With claim 14 Wherein the 
processor is further con?gured to predict a second predicted 
value for the second value at a second time Within the time 
period. 

19. An apparatus according to claim 18, Wherein the 
processor, in predicting the ?rst predicted value, is con?g 
ured to update a ?rst set of Weights using a recursive least 
squares procedure and in predicting the second predicted 
value, is con?gured to update a second set of Weights using 
the recursive least squares procedure. 

20. An apparatus according to claim 18, Wherein the time 
period corresponds to a frequency of reporting a Channel 
Quality Indicator (CQI) and the ?rst predicted value and the 
second predicted value are used to increase a rate of per 
forming transmit poWer control on a HS-SCCH channel. 

* * * * * 


